Introduction
To relieve the dual pressure from rising energy demand and growing environmental problems, renewable energy sources like solar energy are more favored. In this respect, solar radiation data, particularly typical solar radiation data, are the most basic and important parameters in many solar energy applications.
In the past, several approaches for generating TMYs have been proposed. These methods are similar-the main differences lie in the number of daily indices (weather parameters) to be included and their assigned weightings [1] . In the paper authored by Hall et al. [2] , 13 meteorological indices were examined and 4 of the 13 indices were of very little importance so zero weightings were given to them. Said and Kadry [3] analyzed and researched seven weather indices and gave different weightings. Kalogirou [4] applied and selected 15 weather parameters. Moreover, Marion and Urban [5] , Wilcox and Marion [6] , Petrakis et al. [7] also made attempts to generate TMYs for different locations with respective weather parameters and assigned weighting factors.
In recent years, a few individual studies were performed to select the TMYs for different zones of China. Chow et al. [1] developed the typical weather year files for two neighboring cities, namely, Hong Kong and Macau. In the paper of Zhou et al. [8] , typical solar radiation years and typical solar radiation data for 30 meteorological stations of China were produced only using the long-term daily global solar radiation records. Jiang [9] generated TMYs only for eight typical cities representing different climates of China, using nine weather parameters. Although a few attempts have been carried out on this subject, the work is going on or immature for China.
In this paper, in view of the actual situation in China, eight meteorological indices and novel assigned weighting factors are chosen and proposed in the procedure of forming TMY data. Based on the latest and accurate long term weather data and novel weighting factors, this paper generates the TMYs of eight cities for three provinces of Northeast China.
Region applied and data used
In China, the related weather data are recorded and managed by China meteorological stations. Attributing to new observation instrument, the relative errors of global solar radiation measured data in China meteorological stations are changed from ±10% to ±0.5% since 1993. The measured weather data at the eight stations are obtained over the periods between 1994 and 2009 in this study. The relevant information for the eight stations in the northeast three provinces of China is shown in Table 1 . 
Method used
The Typical meteorological year (TMY) method, which was developed by Sandia National Laboratories, is an empirical methodology for combining 12 typical meteorological months (TMMs) from different years to form a complete year. The process adopted to select the 12 typical weather months is illustrated as follow:
According to the Finkelstein-Schafer (FS) statistic [10] , the cumulative distribution function (CDF) for each weather index x, which is a monotonic increasing function, is formulated by a function CDF(x):
where n is the total number of elements; i is the rank order number (i = 1, 2, 3,…, n-1). From its definition, CDF(x) is a monotonically increasing step function with steps of sizes 1/n occurring at x i and is bounded by 0 and 1. The FS statistic is calculated for each of the weather index by the following equation 1 ( , ) ,
where δ i is the absolute difference between the long-term CDF of the month and one year CDF for the same month at x i (i = 1, 2, 3,…, n-1); N is the number of daily readings of the month (e.g. for January, N=31). Considering the characteristics of solar energy systems, eight weather indices are considered in this paper. These indices are maximum, minimum and mean dry-bulb temperature (T max , T min , T ma ); minimum and mean relative humidity (RH min , RH ma ); maximum and mean wind velocity (W max , W ma ); and daily global solar radiation (DGSR). Only eight indices are used because some data (for instance, maximum relative humidity and minimum wind velocity) are not available in Northeast China.
The weighted sum (WS) of the FS statistic for the above eight weather indices is then calculated for each year. Moreover, the five years with the smallest WS values are chosen as the candidate years. The WS is defined and calculated as follows
where WS(y,m) is the average weighted sum for the month m in the year y; WF x is the weighting factor for the x th weather index; M is the number of meteorological indices. Various sets of the weighting factors were suggested in different references. The weighting factors in this paper, which are significant for forming TMY data, are shown in Table 2 . A large weighting factor of 0.5 is assigned to the solar radiation because the criteria is mainly used for solar energy systems and the other weather variables (e.g. dry bulb temperature and relative humidity) are affected by solar radiation. For instance, in general, the higher for the solar radiation, the higher for the dry-bulb temperature. The last step is to select the typical meteorological month (TMM) from the five candidate years. This paper applies a simper selection process introduced by Pissimanis [11] . The month with the minimum root mean square difference (RMSD) of global solar radiation is selected as the TMM. The RMSD is defined as follows
where H y,m,i is the daily global solar radiation values of the year y, month m and day i; H ma is mean values of the longterm global solar radiation for the month m; N is the number of daily readings of the month.
Results and discussion
Based on the above TMY method and the data of the eight stations listed in Table 1 , the TMYs of the eight stations in three provinces of Northeast China are formed and analyzed in the following.
To illustrate the selection procedure, the Shenyang station in Liaoning province of Northeast China is chosen as an example. In addition, to reflect the seasonal changes, January and July are selected as the typical months for winter and summer, respectively.
For each calendar month, CDFs of each index between short term and the long term are compared and calculated by (1) and (2) . With mean dry-bulb temperature and daily global solar radiation as example, the comparison between the short term CDFs and the long term CDFs for Shenyang station is given in Fig. 1 and 2 . It is obvious that, in general, the short term CDFs appearing the typical "S" type distribution follow quite closely their long term counterparts. In Fig. 1 , using the January of Shenyang as example, the CDF of mean dry-bulb temperature (Tma) for 2003 is most similar to the long term CDF (smallest value of FS statistic), while the CDF of Tma for 2000 is least similar (largest value of FS statistic). Also, the CDF of Tma for TMM of 2009 is between the two. Likewise, From  Fig. 2 , the CDFs of daily global solar radiation (DGSR) for January 1997 and July 2008 are closest to the long term CDF for January (in Fig. 2(a) ) and for July (in Fig. 2(b) ), while the DGSR CDFs for January 2008 (in Fig. 2(a) ) and July 2000 (in Fig. 2(b) ) are most dissimilar. It is also found that the years considered representative for a particular index might not be necessarily representative for another index at the same month. And similarly, the years considered typical for a certain month might not be inevitably typical for another month at the same weather index. For example, in Fig. 1(b) , the CDF of Tma for July of 2005 follows the long term CDF remarkably well, whereas in Fig. 2(b) , the CDF of DGSR for July of 2005 is not the best agreement with the long term CDF. Also, for instance, in Fig. 1(a) , the CDF of Tma for January 2009 is compared the good with the long-term, whereas in Fig.  1(b) , the CDF of Tma for July 2009 is the worst with respect to the long term CDF.
The FS statistic is estimated and examined for each weather index and for each month of every year in the database. Due to space limitation, only the FS values of daily global solar radiation for Shenyang station are shown in Table 3 . It is found that the FS statistic (e.g. the FS statistic of DGSR in Table 3 ) often varies month to month and differs from one index to another. Table 4 .
The RMSD values of daily global solar radiation are solved by the above (4). The RMSD results of Shenyang station and the minimum value of RMSD for each month (bold characters) are shown in Table 5 . The smallest RMSD values for each month vary between 1.3528 and 6.5429 MJ/m2.
Then, the month with smallest RMSD is selected as the TMM. Finally, the 12 TMMs is used to form a TMY. The TMY for Shenyang station can be found in Table 6 . These database would be useful for the utilization of solar energy system in Northeast China. Table 6 shows a summary of the TMYs selected for eight stations in three provinces of Northeast China. In order to know which years tend to follow the 16 year (1994-2009) long term weather patterns more closely than the others, the TMYs acquired for the eight stations in Northeast China are analyzed and investigated. Mean solar radiation from TMY data Additionally, the accuracy of TMY data is excellent on monthly bases. The monthly average values of the long term measured data and typical solar radiation derived from the TMY data for the eight cities in three provinces Heilongjiang, Jilin, Liaoning) of Northeast China are compared and shown in Fig. 4(a) .
As can be seen from Fig. 4(a) , the degree of the deviation from the diagonal between the TMY data and the recorded data is small. To be obvious, the corresponding mean absolute percentage error (MAPE) between monthly mean values of the long term measured data and typical solar radiation data from TMY data for each month and for eight stations are shown in Fig. 4(b) . From Fig. 4(a) and (b), the TMY data generally represent good agreement with the long-term data. In particular, the TMY data for Fuyu station is the best. The R value in the Fuyu station is up to 0.9983, and the MAPE lies between 0.03% and 5.04%.
Conclusions
The generation of the TMY data are essential and important for solar energy utilization. In this paper, the TMY method using the Finkelstein-Schafer statistical and novel assigned weighting factors is applied and utilized. Typical meteorological years for eight stations located in three provinces of Northeast China are formed based on the recent and accurate 16 years (1994-2009) recorded weather data. It is found that the cumulative distribution functions of each weather index for the TMMs selected tend to follow their long term counterparts well. It is also seen that the typical data from the 2004 is the prime agreement with the long-term data. In addition, comparison analysis between the monthly data from TMYs and the long term recorded data for this region show that TMYs perform well on monthly bases.
From the analysis and results, it is concluded that the solar energy resource in the three provinces of Northeast China is abundant and potential. It is believed that the TMY data developed by this paper will exert positive effects on some energy-related scientific researches and engineering applications in Northeast China. Future researches will focus on the TMY data on a larger regional scale.
